The long-term variability of Philippine summer monsoon onset from 1903 to 2013 was investigated. The onset date is defined by daily rainfall data at eight stations in the northwestern Philippines. Summer monsoons tended to start earlier in May after the mid-1990s. Other early onset periods were found during the 1900s, 1920s, and 1930s, and an interdecadal variability of summer monsoon onset was identified. Independent surface wind data observed by ships in the South China Sea (SCS) revealed prevailing westerly wind in May during the early monsoon onset period. To identify atmospheric structures that trigger Philippine summer monsoon onset, we focused on the year 2013, conducting intensive upper-air observations. Tropical cyclone (TC) Yagi traveled northward in the Philippine Sea (PS) in 2013 and triggered the Philippine monsoon onset by intensifying moist low-level southwesterly wind in the southwestern Philippines and intensifying low-level southerly wind after the monsoon onset in the northwestern Philippines. The influence of TC was analyzed by the probability of the existence of TC in the PS and the SCS since 1951, which was found to be significantly correlated with the Philippine summer monsoon onset date. After the mid-1990s, early monsoon onset was influenced by active TC formation in the PS and the SCS. However, the role of TC activity decreased during the late summer monsoon periods. In general, it was found that TC activity in the PS and the SCS plays a key role in initiating Philippine summer monsoon onset.
Introduction
The Philippines is an archipelago located in the western rim of the western tropical Pacific. There are distinct summer monsoons (local name Habagat) on the western side and winter monsoons (local name Amihan) on the eastern side of the country associated with the seasonal shift of major wind direction (Flores and Balagot 1969) . The seasonal change of wind direction characterizes the climate phenomenon referred to as a "monsoon" (Ramage 1971) . The thermal contrast between land and ocean contributes to this seasonal variation of winds in Asia (Murakami and Matsumoto 1994) . During summer, moist southwesterly to westerly wind blows from the Arabian Sea through the Bay of Bengal, the South China Sea (SCS), and the Philippine Sea (PS), bringing seasonal rainfall to India, the Indochina Peninsula, and the Philippines (Wang 2006) . Therefore, seasonal wind (monsoon) is closely linked to the seasonal variation of rainfall; namely, the Asian summer monsoon system is characterized by seasonal wind and rainfall. The Asian summer monsoon has several subsystems. Over the oceanic region of the PS including the Philippine region, the western North Pacific (WNP) summer monsoon dominates (Murakami and Matsumoto 1994) .
Agriculture and other water resources on land rely strongly on when the seasonal rainfall starts and the amount of seasonal rainfall. Therefore, the starting date of the summer monsoon is a critical issue. The onset of the WNP summer monsoon, including that in the Philippine region, has been the focus of several studies. Rainfall data were used to define the Asian monsoon onset (Matsumoto 1997; Akasaka et al. 2007 ). Some studies (Tanaka 1992; Lau and Yang 1997; Wang and LinHo 2002) used satellite data of outgoing longwave radiation (OLR) to define an index of convective activity. Kubota et al. (2005) used satellite-based wind data to identify the change of wind direction to define the monsoon onset. These studies determined that the Philippine summer monsoon starts around May to early June with the arrival of moist low-level westerly wind and the start of active convection in climatology. However, both monsoon activity and onset date have interannual and interdecadal variability.
The summer monsoon activity over the WNP has interannual variability associated with the El Niño-Southern Oscillation (ENSO; Ropelewski and Halpert 1987) . Rainfall tends to increase during the summer (June-August) of the El Niño developing year (Lyon et al. 2006; Kubota and Wang 2009 ). However, rainfall decreases because of the eastward shift of the tropical cyclone (TC) track in autumn (September-November; Saunders et al. 2000; Lyon et al. 2006; Lyon and Camargo 2008; Kubota and Wang 2009 ). The summer monsoon activity of the subsequent El Niño decaying year becomes weak, a phenomenon which is associated with the ENSO influence on sea surface temperature (SST) anomalies in the Indian Ocean (IO; Xie et al. 2009 ).
The summer monsoon onset date over the WNP tends to be delayed during the El Niño decaying year, as revealed by the interannual variability of summer monsoon activity (Tanaka 1997) . The decadal variability of summer monsoon onset in the Philippines and SCS includes early onset during the late twentieth century, as reported by Akasaka (2010) and Kajikawa and Wang (2012) . Akasaka (2010) suggested that the early approach of an easterly wave might trigger an early monsoon onset in the Philippines. Kajikawa and Wang (2012) noted that the enhancement of intraseasonal variability of convection and TC activity is important for early monsoon onset in the SCS after the mid-1990s. Both studies highlighted the potential impact of recent sea surface temperature (SST) warming in the SCS. However, both studies focused on recent 30-to 50-year variability, but SST in the SCS has undergone multitime-scale variability over the past 138 years (Yang et al. 2015) . The data used in these monsoon onset studies are not extensive enough to determine how recently observed early monsoon onsets are connected to other longer timescale variability.
Recently, we collected Philippine rainfall data from the late nineteenth century (Chowdary et al. 2012; Villafuerte et al. 2014) and found that the northwestern Philippine station rainfall has been strongly correlated with the Pacific-Japan (PJ) pattern for more than 100 years (Kubota et al. 2016) . The PJ pattern is a dominant teleconnection of interannual variability in the WNP monsoon and East Asian summer monsoon (Nitta 1987) and is correlated to the preceding boreal winter ENSO (Chang et al. 2000a, b; Wang et al. 2000) . The occurrence of TC over the WNP during summer is also correlated with the PJ pattern. The relationship between the PJ pattern and ENSO and TC activity was modulated on the interdecadal time scale. It has not been discussed how the interdecadal modulation of the WNP summer monsoon and its related phenomena, such as TC, affect the variability of the Philippine monsoon onset date. In this study, we investigate the long-term variability of the Philippine summer monsoon onset date using rainfall data covering more than 100 years.
The atmospheric structures that cause Asian summer monsoon onset have been investigated using a reanalysis dataset that includes the Philippine region (Wang 2006 ). The quality of the three-dimensional reanalysis dataset strongly depends on the availability of upper-air observations (Hattori et al. 2016) . However, in the Philippines, upper-air observations were no longer carried out throughout the year after the US Clark Air Base was closed because of the eruption of Mt. Pinatubo in 1991. Here, we report the results of intensive upper-air observations in Laoag, Cebu Mactan, and Puerto Princesa in the Philippines from May to August 2013 (Fig. 1 ). The year 2013 was the first summer that comprehensive upper-air observations were conducted in the Philippines since 1991 (Fig. 2) . Upper-air observations that include intensive observations provide essential data for compiling a vertical profile of the atmosphere and are assimilated to create the reanalysis dataset. The inclusion of intensive observations in the reanalysis dataset allows us to capture qualitatively which atmospheric structures trigger Philippine summer monsoon onset.
Methods
Continuous rainfall observations in the Philippines were started in Manila in 1865 by Jesuits in the Manila Observatory (Deppermann 1939; Udias 1996) . The Manila Observatory expanded the number of weather stations in the Philippines in the 1880s. However, many of these observational data are now missing. The observations of the Observatorio Meteorológico de Manila made by Spanish meteorologists were collected from 1891 to 1900; unfortunately, the quality of the rainfall data is questionable, except for the data in Manila. The Monthly Bulletin of the Philippine Weather Bureau was published from January 1901 to August 1940. In 1903, the Philippine Weather Bureau expanded the number of weather stations in the Philippines, again under the direction of the Jesuits of the Manila Observatory, along with American meteorologists (Sola 1903) . From September 1940, weather observations were obtained by Japanese meteorologists. Daily rainfall data exist for September and October 1942; September, October, and December 1943; and January 1944 (Kobayashi and Yamamoto 2013) . After 1949, the Philippine Atmospheric Geophysical and Astronomical Services Administration (PAGASA) operated the observations in the Philippines. The homogeneity of the station rainfall data was tested by the R-based RHtests_dlyPrcp software (Wang and Feng 2013) . If any discontinuity was detected, we adjusted the data based on the quantile-matching algorithm of the RHtests_dlyPrcp software (Wang et al. 2010) .
PAGASA defined Philippine summer monsoon onset using eight stations in the northwestern Philippines ( Fig.  1; . When more than half of the stations satisfied the following criteria during May-July, PAGASA defined it as a summer monsoon onset:
1. Five-day total rain being 25 mm or more; 2. At least three rainy days, each having 5 mm or more in a 5-day period. 3. The first day of the 5-day period satisfying both 1 and 2 is taken as the beginning of the onset.
They defined Metro Manila as a combination of four stations: Science Garden, Port Area, NAIA (Ninoy Aquino International Airport), and Sangley Point. When three of the four stations satisfied the monsoon onset criteria, Metro Manila was considered to have satisfied the criteria. In this study, we follow these Philippine summer monsoon onset criteria using the rainfall data at eight stations. Port Area is the oldest station in Manila. The other three stations of NAIA, Science Garden, and Sangley Point started observations in 1951, 1961, and 1974 , respectively. Therefore, we used Port Area as representative of Metro Manila. The official PAGASA summer monsoon onset date was determined by considering not only the rainfall criteria but also other factors like wind data after 1979. Since the other factors may change over time because of the development of observation technology, it is difficult to reproduce these factors for the past. In this study, we used the same criteria as PAGASA with rainfall data from eight stations to identify the monsoon onset. As a result, the summer monsoon onset dates may differ between our study and the official PAGASA announcements.
The International Comprehensive Ocean-Atmosphere Dataset (ICOADS; Woodruff et al. 2011 ) based on monthly ship observations dataset over the SCS is used for the period from 1901 to 2007 (Yang et al. 2015) . These data are available at 2°resolution along the SCS in the meridional direction, where the monthly SST data cover more than 80% of the total months during the Yang et al. 2015) . The ICOADS surface wind speed has a noticeable upward trend due to an increase in anemometer height during the twentieth century (Tokinaga and Xie 2011) . We use zonal wind data and also consider the wind direction along the SCS in this study, which is not affected by the artificial change in the observation data. The TC best track data from the Joint Typhoon Warning Center (JTWC) and the Japan Meteorological Agency (JMA) are used. The ENSO index is defined using Niño 3.4 and the Hadley Center Global Sea Ice Sea Surface Temperature (HadISST) data (Rayner et al. 2003) .
PAGASA carried out upper-air observations at eight stations (from the north: Laoag, Subic, Tanay, Legaspi, Puerto Princesa, Cebu Mactan, Davao, and Zamboanga) in the Philippines (Fig. 1) . Data are obtained from the Integrated Global Radiosonde Archive (Durre et al. 2006) . Upper-air observations in the Philippines were started in 1947 by the US Clark Air Base staff (Fig. 2) . Unfortunately, continuous observations stopped in 1991 because of the eruption of Mt. Pinatubo. Weather balloons were launched once a day at other upper-air observation stations. However, they were interrupted frequently because of an insufficient supply of sensors until 2012. Upper-air observations in the Subic and Zamboanga stations were performed only for a short period. We conducted intensive upper-air observations in Laoag, Puerto Princesa, and Cebu Mactan in collaboration with PAGASA during the Pacific Area Long-term Atmospheric observation for the Understanding of climate change (PALAU) 2013 observation project. At the station of Cebu Mactan, upper-air observations were conducted twice a day from May 1 to August 29, 2013, except for during June 1-30, 2013, when they were conducted four times a day. At the Laoag and Puerto Princesa stations, observations were conducted twice a day from June 1 to July 31, 2013. The Japanese 55-year reanalysis dataset (JRA55; Ebita et al. 2011 ) on a 1.25°grid was used to obtain three-dimensional structures of wind and moisture. Upper-air observation provides the most useful data for developing a vertical profile of the atmosphere, and these upper-air observations, including our intensive observations, are assimilated into the reanalysis dataset using the Global Telecommunications System. Rainfall at all western stations increased or decreased at the same time. However, rainfall at the eastern Philippine stations increased in October from the northern station of Aparri, propagating southward in November and reaching a maximum in January at the southern station of Hinatuan, associated with the winter monsoon (Fig. 3c, d ) of the winter monsoon occurred in December in northern Luzon Island and tended to be delayed moving southward. At the southern station in Hinatuan, withdrawal of the winter monsoon occurred in March. However, a classic Philippine monsoon study showed the winter monsoon continued until March at all stations on the eastern side of the Philippines by considering the northeasterly wind direction (Flores and Balogot 1969) . Northeasterly wind prevailed throughout winter from north to south at the eastern stations (e.g., Aparri, Legaspi, and Surigao). However, rainfall amounts reached a minimum in February and March in Aparri in northern Luzon. This indicates that the winter monsoon changed its structure in the second half of the winter monsoon season in Luzon Island in the northern Philippines, with less rainfall under northeasterly monsoon wind conditions. Flores and Balogot (1969) defined a unified climatology of the Philippine winter monsoon structure but did not mention the difference in meridional rainfall structures. The southern-most station, Davao, did not show a clear winter rainfall maximum. The structure of summer monsoon onset is the focus of the following section.
Results

Climatology of the Philippine monsoon
Long-term variability of Philippine summer monsoon onset
An increase in rainfall in the northwestern Philippines associated with moist southwesterly wind indicates the onset of a Philippine summer monsoon. Here, we use rainfall data from eight stations in the northwestern Philippines to define the Philippine summer monsoon onset, according to the PAGASA rainfall criteria, and expand the study period to the past 100 years. Figure 4 shows daily rainfall during 1901-2013 averaged over the eight northwest Philippine stations used to define the summer monsoon onset from 1903 onward. Rainfall increased around May to June and decreased around October to November. The summer monsoon onset dates are indicated by triangles. During 1941 During -1950 , rainfall data were missing from most of the stations, primarily due to the occurrence of the Second World War. Figure 5a shows a time series of the summer monsoon onset dates from 1903 to 2013. After the mid-1990s, the onset date tended to be earlier, and the monsoons started in May. Such early onset dates after the mid1990s were similarly reported in Akasaka (2010) and Kajikawa and Wang (2012) . The long-term dataset that we used in this study further reveals other early onsets that occurred in the 1900s and from the 1920s to the 1930s, suggesting an interdecadal variability of the Philippine summer monsoon onset. After the start of the Philippine summer monsoon, the low-level wind direction shifts to westerly over the SCS (e.g., Puerto Princesa in the SCS, Fig. 8a ). This suggests that when the summer monsoon starts in May, a monthly averaged westerly wind prevails near the surface (Fig. 6a) . However, when the summer monsoon starts in June, the surface zonal wind component remains easterly or very weak in May (Fig. 6b) . Figure 5b shows the monthly surface zonal wind along the SCS in May from 1901 to 2007. After the 1990s, strong westerly wind appears around 5°N-14°N, associated with early summer monsoon onset. However, during the 1950s to the early 1990s, the surface zonal wind was weakly westerly or easterly. This is consistent with the results of late summer monsoon onset in June defined by the rainfall data. It is worth noting that the westerly wind was also strong around 10°N around 1910 and during the 1920s and 1930s in May, which is consistent with the early summer monsoon onset seen in Fig. 5a . 1Earlier studies have shown the strong influence of the ENSO on Philippine summer monsoon rainfall, which increases during the summer of El Niño developing years (Lyon et al. 2006; Kubota and Wang 2009 ) and decreases during the summer of the following El Niño decaying year (Xie et al. 2009 ). The correlation between Philippine summer monsoon rainfall and the ENSO also shows interdecadal variability (Chowdary et al. 2012 ). However, the Philippine summer monsoon onset date was delayed during El Niño decaying years only from around the 1970s to the 1980s (Fig. 7) . Tanaka (1997) mentioned the delay of WNP summer monsoon onset during this high-correlation period around the 1970s to the 1980s. The correlations in other periods were insignificant. In summary, the summer monsoon onset date has been weakly correlated to the ENSO during the past 100 years. The PAGASA official summer monsoon onset date has also a weak correlation with the ENSO since the 1990s (not shown).
Case study of 2013 Philippine summer monsoon onset
What caused the interdecadal variability of Philippine summer monsoon onset? Unfortunately, the accuracy of atmospheric structures around the Philippines in the reanalaysis data has decreased since 1991 due to a lack of upper-air observations. Here, we use intensive upperair observations in 2013 in the Philippines to discuss the atmospheric factors responsible for triggering summer monsoon onset and then compare the case of 2013 to the past in the following subsections.
We focus on the change in atmospheric structure during Philippine summer monsoon onset in 2013 using intensive upper-air observations, which are included in the reanalysis data. Using the locally defined rainfall-based criteria for declaring the summer monsoon onset (see the "Methods" section), the Philippine summer monsoon started on June 9, 2013. Figure 8a shows the time series of upper-air observations and rainfall at Puerto Princesa in the southwestern Philippines before and after summer monsoon onset. The layers of relative humidity greater than 70% in the troposphere gradually expand from the lower troposphere over 7 days before the monsoon onset and are associated with rainfall events. Wind direction clearly shifts from northeasterly to southwesterly below 8 km after the monsoon onset on June 9. The arrival of moist southwesterly wind in the lower troposphere is associated with the large-scale seasonal migration of lowlevel convergence and activated the Asian summer monsoon in the Philippines (Wang 2006) . However, different atmospheric structures were present before and after the monsoon onset in the northern Philippines. Figure 8b shows the time series of upper-air observations and rainfall at Laoag in the northwestern Philippines. It was very dry in the mid and upper troposphere before the monsoon onset. The layers of relative humidity greater than 70% suddenly increased up to 11 km and became wet and unstable from June 11. The shifts in wind direction before and after the monsoon onset differed from those in the southwestern Philippines. Low-level southerly wind prevailed after the monsoon onset. In this study, we defined the summer monsoon onset using the northwestern Philippines rainfall data. Summer monsoon rainfall increased at the same times in the western Philippines (Fig. 3b) . However, the time required for the moistening process to cause the lower to middle troposphere to become wet and unstable differs between the northern and southern Philippines.
The vertical profile of relative humidity and horizontal wind from the JRA55 reanalysis data, which were assimilated by upper-air observation data, are plotted in Fig. 9 including the same location of Puerto Princesa and Laoag during the same period as in Fig. 8 . Wind direction changes associated with monsoon onset are consistent with upperair observations. However, the JRA55 data showed unrealistically high relative humidity in the wet layers, especially above 12 km and below 1 km, during the analysis period in both regions. This represents wet bias in the upper troposphere and near the surface in the JRA55 dataset. However, lower troposphere JRA55 data well capture the increase of relative humidity and are consistent with in situ observational data. The horizontal distribution of the wind and water vapor at 850 hPa (about 1.5 km) from the JRA55 data are discussed below.
The horizontal structures of water vapor mixing ratio and wind at 850 hPa before and after the monsoon onset are shown in Fig. 10 . Tropical cyclone (defined as an intensity of tropical storm exceeding 34 kt maximum wind speed and hereafter referred to as TC) Yagi (1303) was generated at 12 UTC (coordinated universal time) on June 8, 2013, and traveled northward in the PS (Fig. 10a-e) . As TC Yagi developed during June 8-9, moist southwesterly wind from the SCS passed over the Philippines and fed into TC Yagi (Fig. 10b, c) . While TC Yagi traveled northward, the wind direction shifted from westerly to southerly in the northern Philippines. Figure 11 presents a cross section along the west Philippines (117.5°E-120.0°E, 5°N-20°N,) for the period June 5-14. Water vapor mixing ratio increased in the southern part of the cross section as the westerly wind intensified and moisture was transported northward, concurrently with the wind direction shift to southerly in the northern part of the cross section, after the monsoon onset. This suggests that in situ observations in Puerto Princesa at the southern Philippines station and in Laoag at the northern station, where we carried out intensive upper-air observations, can capture representative atmospheric structure changes in the south and north Philippines before and after the summer monsoon onset. The TC induced the moist southwesterly wind and activated the Philippine summer monsoon. The arrival of a TC is one of the major contributors to Philippine summer monsoon rainfall (Kubota and Wang 2009; Chen et al. 2010) . Even if a TC does not make landfall in the Philippines, it can still enhance southwesterly flow and activate Philippine summer monsoon rainfall (Cayanan et al. 2011) .
Existence of tropical cyclones during the Philippine summer monsoon onset
As demonstrated in the previous section, the passage of a TC over the PS played an important role in the Philippine summer monsoon onset in 2013. We then investigated whether a TC existed within the area comprising the PS and the SCS (100°E-140°E, 0°N-20°N ; the area bounded by dashed lines in Fig. 10c ) during the Philippine summer monsoon from 1951 to 2013. We also included tropical depressions that developed into TC within 2 days after the summer monsoon onset date. The existence of TC during the summer monsoon onset from 1951 to 2013 is shown in Fig. 12 (labeled "T" in Fig. 12 ). To explore the influence of TC on Philippine summer monsoon onset, we obtain the probability of TC existence (PTCe) during summer monsoon onset, expressed as The above expression has a range from 0 to 1. The former indicates no existence of TC during the Philippine summer monsoon onset, while the latter signifies the occurrence of TC in every year of an 11-year sliding window. From the mid-1990s, PTCe increased during summer monsoon onset, and it exceeded 60% (0.6) in the mid-2000s. The period of high PTCe during summer monsoon onset was concurrent with the period of early monsoon onset (Fig. 12) . The correlation coefficient for PTCe and monsoon onset date in the 11-year running mean reached − 0.84 at the 99% confidence level. A recent active TC in the PS and the SCS in May and June contributes to early Philippine summer monsoon onset. This suggests our case study of 2013 captured the typical summer monsoon onset conditions of recent years. Kajikawa and Wang (2012) suggested that TC became active in May after the mid-1990s. Before the mid-1990s, the PTCe was small, and TC did not act as the primary trigger for monsoon onset. When there was no TC near the Philippines during summer monsoon onset, a front was located north of the Philippines, and the southwesterly wind converged into the zonal front as observed for 2010 (Fig. 13) . Akasaka (2010) Philippine summer monsoon onset date is strongly affected by TC activity in the PS and the SCS in May and June. The cause of this interdecadal variability of TC activity will be the subject of future work.
Discussion
Tanaka (1997) noted a delay of summer monsoon onset during El Niño decaying years. However, our longterm dataset demonstrated that the correlation between Philippine summer monsoon onset and the ENSO was significant only during the 1970s to the 1980s. The relationship of SCS SST and the ENSO also showed the highest correlation during the 1970s and the 1980s, as shown in Fig. 4 of Yang et al. (2015) . The interdecadal variability of the relationship of SCS SST and the ENSO may influence the interdecadal variability of the relationship of the Philippine summer monsoon onset date and the ENSO.
To identify atmospheric structures that trigger summer monsoon onset, we focused on the case of 2013 using a combination of intensive upper-air observations and a reanalysis dataset. The summer of 2013 was the first time that comprehensive upper-air observations were conducted in the Philippines since 1991. The interruption of observation was due to the eruption of Mt. Pinatubo in 1991. In 2013, TC Yagi traveled northward, east of the Philippines, and triggered the Philippine monsoon onset. Moist southwesterly wind was induced in the southwestern Philippines after the monsoon onset, and low-level southerly wind intensified after the monsoon onset with sudden moistening in the northern Fig. 12 The probability of TC existence during summer monsoon onset. Existence of TC at monsoon onset (red "T"), 11-year running average of the PTCe (blue line), and Philippine summer monsoon onset date (orange dashed line; same as Fig. 5a ) are superimposed Philippines. In the climatology analysis, the summer monsoon onset started at the same time in the western Philippines. However, in situ observations demonstrated that when TC triggered the monsoon onset, the moistening process and prevailing wind direction differed between the southern and northern Philippines.
However, the role of TC activity decreased during late summer monsoon onset. Additionally, the historical TC dataset from Kubota (2012) shows high PTCe during the 1910s and the 1920s, which coincide with early summer monsoon onset (not shown). Further investigation is needed to verify the quality of the historical TC dataset. This study demonstrates the importance of historical station data in understanding interdecadal variability during the past 100 years.
Conclusions
The seasonal variation of Philippine rainfall associated with monsoons was investigated. Climatologically, Philippine rainfall increased on the west side of the country during June to October, associated with the summer monsoon, and rainfall increased from October to March on the eastern side, associated with winter monsoons that started in the northern Philippines and propagated southward. Withdrawal of winter monsoon rainfall occurred in December in northern Luzon Island and tended to be delayed moving south.
The long-term variability of summer monsoon onset in the Philippines was investigated using daily rainfall data for 1903-2013. Philippine summer monsoon onset is defined using the rainfall data of eight northwestern stations. The summer monsoon tended to start earlier in May after the mid-1990s. Other early northwestern stations. The summer monsoon tended to start earlier in May after the mid-1990s. Other early of summer monsoon onset was thus identified. Independent surface wind data from ships along the SCS revealed a prevailing westerly wind in May, consistent with early onset before 1940 and after the 1990s.
The influence of TC activity on the variability of summer monsoon onset date was investigated. From the mid-1990s, the probability of TC existence (PTCe) during the summer monsoon onset increased and became more than 60% (0.6), and is correlated with that period having an early monsoon onset. The PTCe was significantly correlated with the monsoon onset date in the Philippines. The recent early monsoon onsets observed after the mid-1990s were influenced by active TC formation in the PS and the SCS. Tropical cyclone activity in the PS and the SCS plays a key role in initiating early Philippine summer monsoon onset. 
